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DNS of a Fully Developed Turbulent Channel Flow Using New NS System at NAL
Hiroyuki ABE’, Yuichi MATSUQO" and Hiroshi KAWAMURA'

Abstract
Direct numerical simulation of a fully developed turbulent channel flow has been carried out using new NS system at NAL. The
Reynolds numbers are set to be Re;=180 and 1020, where Re, is the Reynolds number based on the friction velocity and the channel
half width. To the authors’ knowledge, DNS for Re,=1020 is one of the largest computations ever simulated in conjunction with this
configuration, where about 1.4 billion grid points are required to resolve all the eddies. In the present study, the Reynolds-number
dependence on turbulence statistics is investigated up to Re,=1020. Moreover, turbulence structures for Re,~1020 are visualized in order
to examine the characteristics of quasi-coherent structures such as high and low-speed streaks and vortices.
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Fig. 3 Domain decomposition for parallel computation:
(a) Usual computation; (b) Tri-diagonal matrix.

Table 1 Computational condition.

Re, 180 1020
Re, 5711 41424
LXxL,xL | 1286x30 %640 | 1286 X3 x6.43

LI L x L. | 2304x 180x 1152 | 130356% 2040 % 6328
N, X N, X N, 384x 128x 256 2048 x 448 x 1536
Ax, AZ 6.00, 4.50 6.38,4.25
Ay’ 0.20~5.90 0.15~7.32

Table 2 Used memory, CPU number and 1/O data size.

Re. 180 1020
Used memory 8.8GB 819GB
CPU Number 32 448
1/0 data size 1.3GB 138.2GB
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Fig. 7 Total and Reynolds shear stresses.
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Fig. 10 One-dimensional wavenumber energy spectra of
velocity fluctuations for Re,=1020 at y'=5.26 in wall units:
(a) streamwise wavenumber; (b) spanwise wavenumber.
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Fig. 11 One-dimensional spanwise energy spectra of w?
for Re,=1020 at y"=5.26.
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Fig. 12 One-dimensional streamwise energy
dissipation spectra of «’ normalized by
Kolmogorov scales for Re =1020 at y/d=1.
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Fig. 13 Streamwise two-point correlations of
velocity fluctuations for Re,=1020 at y/6=1.
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Fig.19 Enlarged view of the negative #” and the negative #’;;
u’;; for Re;=1020: u’" < -3.5; dark-gray, u’;;u’;; / € < -4.0;
white. The same instantaneous field as shown in Fig. 16 is
visualized here.
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0.3~0.5 DALET 0.95, 1.38DEEIC 2 DOKRERY—7
BEEEN. ZORERIX, VA LVRERELBIZo0
T, BERS BT AIEERBLTND, &L, L0
VI FE ORI IS BRI REY — 7 LT R
ZULN, Ty EFORBIEMENERE TRNICE
EARIELTWAIER S ol iy, BEE ORI,
Re.= 1020 TIZ, BEmUTBIZKBERAN — 7B EDF
TEBIEN ot £, BEEICEL Y, BRI
ORBEZIEEAN —70 LIZATEROBEENRT
T3 AEMS RZT b

6. Bl

AFEOFE R, MEFERNHEFROKME Ia
—ZWOLZEH O CPULERBRBAWTIT-7. L THES
F=9.
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